The aim of this research was to know the impact of planting leguminous cover crops (LCCs) of Mucuna bracteata and Calopogonium mucunoides in oil palm plantation on peatland on reducing CO 2 emissions. Atmosphere temperature, peat surface temperature, in-closed chamber temperature and peat surface CO 2 fluxes were monitored on two adjacent experimental plots. The first experimental plot was on the newly opened peat surface (NOPS) and another was on the eight years planted oil palm land (EPOL). The closed chamber techniques adopted from International Atomic Energy Agency (IAEA) (1993) were implemented to trap CO 2 emissions emitted from 24 treatment plots at the 1st, 3rd and 6th months observations. Average CO 2 fluxes observed on no LCCs plots in the NOPS site were 61.25 ± 8.98, 33.76 ± 2.92 and 33.75 ± 3.45 g/m 2 h , while in the EPOL site were 55.38 ± 15.95, 29.90 ± 5.32 and 27.70 ± 4.62 g/m 2 h at the 1st, 3rd and 6th months monitoring, respectively. Average CO 2 fluxes observed on the planted M. bracteata plots in the NOPS site were 68.2 ± 24.5, 12.88 ± 3.70 and 10.40 ± 1.28 g/m 2 h, whereas in the EPOL site were 54.04 ± 6.70, 11.45 ± 2.00 and 9.33 ± 3.49 g/m 2 h at the 1st, 3rd and 6th months monitoring, respectively. Average CO 2 flux observed on the planted C. mucunoides plots in the NOPS site were 66.5 ± 23.7, 15.41 ± 1.51 and 9.74 ± 2.55 g/m 2 h, while in the EPOL site were 47.00 ± 5.00, 9.34 ± 1.23 and 10.52 ± 4.80 g/m 2 h at the 1st, 3rd and 6th months, respectively. P-value for the experimental sites was 0.008 (< 0.05), indicating the significant difference in the level of CO 2 fluxes between the sites. P-value for the treatments in the experimental plots was 0.000 (< 0.05), indicating markedly different level of CO 2 fluxes among treatments. P-value for the age of M. bracteata and C. mucunoides planted on the experimental plots was 0.000 (< 0.05), indicating the significant difference in the level of CO 2 fluxes due to the enhanced LCCs age performing at the increase of shading effects. The comparison of CO 2 fluxes among experimental plots shows that planting M. bracteata and C. mucunoides on the peatland could reduce CO 2 emission.
Introduction


Lowland peatlands in Southeast Asia cover 24.8 million ha (Mha), which is 56% of the tropical area and 6% of the global peatland area. Their high carbon density gives rise to a large regional peat carbon store of 68.5 giga tons equivalent to 77% of the tropical and 11%-14% of the global peat carbon store [1] . Although peatlands cover only 6% of the terrestrial surface of the earth, they play a central role in the expanded dramatically from 0.3 Mha to 2.3 Mha-an increase from 2% to 15% of the total peatland area [4] to cover over 3.1 Mha (20%) of the peatlands of Peninsular Malaysia, Sumatra and Borneo in 2010. The majority (62%) of these plantations were located on the island of Sumatra [5] , but in West Kalimantan province (Indonesia Borneo), approximately 50% of peatlands have been converted to oil palm plantations with 1.7 Mha of peatlands under either current or future plantation use [6] . It is anticipated that the expansion of oil palm plantation in West Kalimantan province will be a major source of greenhouse gas emissions by 2020, if change in land use continues at current levels, with oil palm plantations predicted to one-third of the province's land by 2020. At the same time, the area of natural, intact forests will reduce from 15% in 2008 to 5% in 2020. The deforestation and drainage that accompany conversion of peat swamp forest to plantation result in the release of CO 2 into the atmosphere. If the expansion of oil palm plantations on peat lands continues without any restriction, then it is predicted that 90% of the greenhouse gas emissions associated with oil palm plantations will come from peat lands by year 2020 [7] .
In a peatland plantation, CO 2 fluxes to the atmosphere are the product of both autotrophic (vegetation-derived) and heterotrophic (microbial-derived) respiration processes resulting from the decomposition of peat organic matter under the aerobic conditions. Until recently, most studies have invoked the groundwater table as the most important explanatory factor for the scale of heterotrophic emissions [8] [9] [10] [11] [12] . It is now becoming clear, however, that this is not the only factor and changes in peat surface temperature are also important, particularly on deforested peatlands where the peat surface is exposed to increased levels of solar radiation [13] .
A recent study by Juhiainen et al. [13] , for example, on the temperature dynamics and heterotrophic CO 2 , N 2 O and CH 4 fluxes under different shading conditions on agricultural land and degraded peatland sites in Central Kalimantan, showed that shading of the peat surface and hence differences in peat temperatures had a marked influence on greenhouse gas (GHG) fluxes, with a 25% emissions increase for each 1 °C temperature change at 5 cm depth on agricultural land. The rate of decomposition of organic matter in peatlands increases positively with increase in temperature [14] [15] [16] . In the tropics, diurnal and annual temperature fluctuations are relatively modest compared to Northern peatlands. There is, however, a general temperature increase after deforestation and also an increase in diurnal temperature fluctuation in the surface peat and hence a likely increase in the rate of peat decomposition. A clear CO 2 emission and temperature relationship for tropical peat was found in the following four years of hourly automated monitoring of both variables in peat swamp forest, which was a doubling rate of instantaneous in-situ CO 2 emission over a 5 °C temperature range (from 24 °C to 29 °C) including autotrophic respiration emissions [17] . Moreover, long-term combined field and laboratory studies in the subtropical peatlnds of the everglades (Florida) showed that peat oxidation expressing as peat surface subsidence doubled with a 10 °C increase in temperature [18] . Similarly, CO 2 emission rates from incubated surface samples of tropical peat from Sumatra were also found to double between 25 °C and 35 °C [19] . Hirano et al. [17] found that increase in temperature had a greater effect on CO 2 emission rate than soil moisture or water table depth.
In the study by Jauhiainen et al. [13] , soil surface shading was achieved using plastic shading nets, but given the extent of peatland under oil palm plantations, this would be costly and impractical to implement at a large scale. By contrast, soil shading by the use of cover crops could provide a much cheaper solution, with leguminous cover crops (LCCs) providing also some additional advantages for improved soil bracteata. C. mucunoides originated from the tropical Americas and West Indies. It then spread widely and is now found in most humid tropical areas (Africa, Asia, Australia). It was introduced into Indonesia and Malaysia as agricultural cover crop, as such is either grown alone or mixed with other legumes, especially in rubber, oil palm or young forest plantations. It provides soil protection against erosion, reduces soil temperature, improves soil fertility and controls weeds [14] . It grows optimally where daily temperature is in the range of 24-36 °C [14] and there is well-distributed or seasonal rainfall with annual values in the range of 1,000-1,500 mm [15] . It can grow on a wide range of soil types, but does best on acidic clay soils (pH 4.5-5). It is tolerant to high aluminium saturation but not with saline soils. It can tolerate with flooding, but has poor drought tolerance [14] . Fire also kills the plant, but seeds survive and regrow easily on ashes after a burn [16] . C. mucunoides is moderately tolerant to shade and can grow in plantations where light transmission is between 60% and 100%. It remains productive under coconut palms (at 60%-70% light transmission), but lower light transmission reduces yield and heavy shade can kill the plant [16] . C. mucunoides is a N-fixing legume that has no specific requirement for Rhizobium and nodulates readily. It is a valuable green manure in rice fields where it is tolerant to stagnant water conditions [15] ; it has been used as a cover crop in plantations (banana, coffee, rubber, palms, black pepper), but should be prevented from overgrowing young trees by regular cutting [19] .
M. bracteata is a native of India and adjacent countries. A thorough study was carried out on its suitability to use as a cover crop in rubber plantations in India, where it was found to have all the desirable characters of an ideal cover crop. Later, it was introduced as a cover crop for Hevea brasiliensis (pararubber) and oil palm plantations in Malaysia and elsewhere. M. bracteata is a fast growing, deep rooted perennial creeping and climbing legume that was found to grow as a wild plant among road sides and forest boundaries in the Northeastern region of India. It grows fast with vine growths of 10-15 cm in a day. Fibrous roots develop from the nodes of vines growing on the ground, when the soil is wet. M. bracteata can be established in plantations either by seed or by rooted cuttings; the former is the most convenient and popular method in pararubber and oil palm plantations, where it can produce up to 5,620 kg biomass over a three years periods. Underneath, the green biomass-the dried mulch of about 30-40 cm thickness in a deep layer can develop at different stages of decay. These dried leaves slowly decompose and add nutrients to the soil, thus contributing nutrients to the main crop and higher yields. In addition, there is increased insulation of the soil surface, reduction in the loss of soil moisture and increase in soil moisture retention capacity. The other beneficial feature of M. bracteata is that it is a mycorrhiza species, which is also beneficial to the main crop through enhancing nutrient and water absorption. Finally, the growth of cover crops in plantations is also beneficial since they can smother the growth of weeds [20] .
Oil palm plantations established on peatland is much less canopy cover than the original peat swamp forest. The surface peatland during the early stage of plantation growth receives a much higher level of solar radiation and thereby increases the peat surface temperature. In addition, the intensive drainage systems implemented in most oil palm plantation on peatlands maintain the groundwater level at ideally around 70 cm below the peat surface, but often at greater depths. Low water [21] , with plantation on peatland recognized as a significant source of greenhouse gas emissions to the atmosphere in the Southeast Asian region [1, 5, 7, 22] . In order to investigate opportunities for emissions mitigation, this study investigated one approach to protecting the peat surface from solar radiation through the use of LCCs. Specifically, the roles of two widely utilized cover species-C. mucunoides and M. bracteata, were investigated. The study objective was to determine the use of LCCs in oil palm plantations toward the decrease of peat surface CO 2 emission.
Methodology
Sites
The field experiment was carried out in Arus 
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The average rainfall and rainy day in Kubu Raya Regency in 2013 were 281.8 mm and 19 d, respectively. The monthly rainfalls at the 1st (June), 3rd (September) and 6th (December) months CO 2 fluxes monitoring were 128, 231 and 445 mm, respectively [23] . The rainfall and rainy day in the Teluk Pakedai Subdistrict in 2013 were 146.42 mm and 12 d, respectively. The monthly rainfalls at the 1st, 3rd and 6th months CO 2 fluxes observation were 100, 166 and 302 mm, respectively [24] .
The average, maximum and minimum atmosphere temperatures in Kubu Raya Regency in 2013 were 26.9, 32.4 and 23.5 °C, respectively. The average atmosphere temperatures at the 1st, 3rd and 6th months CO 2 fluxes monitoring were 27.3, 26.6 and 26.2 °C, respectively. The maximum atmosphere temperatures at the 1st, 3rd and 6th months CO 2 fluxes monitoring were 33, 31.9 and 30.8 °C, respectively. The minimum atmosphere temperatures at the 1st, 3rd and 6th months CO 2 fluxes monitoring were 22.5, 23.5 and 23.7 °C, respectively. The average relative atmosphere moisture in the Kubu Raya Regency in 2013 was 85%. The average relative atmosphere moistures at the 1st, 3rd and 6th months CO 2 fluxes monitoring were 83%, 86% and 90%, respectively [23] .
The average C-organic, N-total and ratio of C-organic/N-total of peat in study site are 28.28%, 1.13% and 24.20, respectively. The average bulk density and water content of peat in study site are 0.24 g/cm 3 and 400.10%, respectively. The average pH-H 2 O, pH-KCl and redox potential in study site are about 2.96, 2.67 and 227.15 mV, respectively.
Experiment Site Setup
The two stage nested experiment design was conducted in this research and began in March 2013 by nursery of M. bracteata and C. mucunoides on the nursery area of Arus Sungai Deras Estate of Mitra Aneka Rezeki oil palm plantation for four weeks. The nursery of M. bracteata was done by cutting, whereas C. mucunoides was conducted by planting seeds in the 24 pieces polybags of 0.05 cm  10 cm or 5 cm  15 cm. M. bracteata and C. mucunoides were watered three times at 9:00 am, 12:00 pm and 3:00 pm a day during the nursery. Introducing manure/fertilizer into the polybags was avoided during the nursery. Two adjacent sites were selected for the experiment with different conditions and had 15 m apart from each other on the same peatland approximately 2 m depth. First site was not planted with oil palm-newly opened peat surface (NOPS), and ferns were the main vegetation in the area, such as species of Lygodium, Polypodium, Pteris and Stenochlaena palustris. The second was the eight years planted area by oil palm (EPOL). Both the sites were manually cleared from litter and vegetations including their roots before starting planting, so the first site became an opened surface area. Each 6 m  8 m area was prepared in both the sites and divided into 12 plots of 2 m  2 m. Each plot was marked by using small roundwood placed at the corner and given certain numbers. M. bracteata and C. mucunoides were planted in accordance with the specified plots randomly (Fig. 2) . Especially for the opened area, the layers of plastic shading net were tightened on several wooden sticks for one month to reduce solar radiation, which could stub out the M. bracteata and C. mucunoides during the age. During the observation, M. bracteata and C. mucunoides on both the sites were watered at 9:00 am, 12:00 pm and 3:00 pm a day, except on the day which had been determined to collect air samples for CO 2 concentration determination.
Field Data Collection
The closed chamber techniques adopted from International Atomic Energy Agency (IAEA) [25] were implemented to collect air samples for CO 2 concentration determination in 24 experiment plots at the 1st, 3rd and 6th months observations. The dimension of the closed chambers was 50 cm  50 cm by a 12 V battery for performing the homogeneous CO 2 emission inside. The ASTM mercury thermometer was equipped on the upper side of the chambers through small hole and was sealed semi-permanently for monitoring the temperature inside the chambers. All 24 CO 2 flux monitoring plots at both the experiment sites were included in data collection, and 24 CO 2 flux readouts formed the database for the analysis. The Eq. 
where,
Ach = closed chamber area (m 2 ); mW = CO 2 molecular weight (g); mV = constant molecular volume (22.41 L); T = average temperature (°C). The labeled vacuumed vial bottles and Terumo syringes were prepared before CO 2 flux observations. The observations were performed in the highest emission time of 12:00-15:00 pm [26] by installing the chambers on the each experiment plot to collect air samples. The day of collecting samples was determined with consideration of the same water table at ± 50 cm depth of the closest drainage and assuming to have the same underground water table. The lower chamber edging was placed in the peat at a depth of 2 cm during sampling. Each sample was transferred into 10 mL vacuumed vial bottles by using 10 mL Terumo syringe with interval 1, 5, 10, 15 and 20 min. Temperatures inside the chambers were monitored each before air sampling with interval 1, 5, 10, 15 and 20 min by mercury thermometer that was set and sealed on the top of chambers. The vacuumed vial bottles were then glued by silicon to ensure no leakage. The CO 2 samples were then analyzed in the Environmental Research Laboratory Center for Agriculture, in Jakenan-Pati, Central Java.
Laboratory Analysis
The used as carrier gas with inlet pressure of 300 kPa and maximum 650 kPa. The solid-phase microextraction (SPME) mode was applied to analyze the air samples to determine CO 2 concentration. In this mode, the CP-8410 auto injector based on the CP-8400 auto sampler was carried out. The 10 mL vials were manually positioned in tray consisting of five 10 mL vials each tray. The sampler was injected into both (either from the same sample vial or from adjacent vials) during the same analysis. The flame ionization detector (FID) with maximum temperature of 450 °C and the detectivity of 2 pg C/s was utilized.
Statistical Analyses
The 
Results
Peat Temperature
The average peat temperature between both experiment sites showed higher in NOPS site than in EPOL site. Generally, the widest and narrowest differences were found at the 6th and 1st months monitoring, respectively, due to the shade effect of LCCs foliage.
The average peat temperature on the no planted LCCs plots were 33.50, 32.15 and 32.14 °C in the 1st, 3rd and 6th months, respectively, for the NOPS site.
The highest peat temperature was 33.60 °C occurring in the 1st month. The lowest peat temperature was 32.12 °C occurring in the 6th month. The difference of peat temperature during experiment was 1.46 °C for NOPS site. The widest and narrowest differences of peat temperature were 0.2 °C in the 1st month and 0.05 °C in the 6th month. The average peat temperature on the planted M. bracteata plots were 34.14, 29.63 and 29.62 °C in the 1st, 3rd and 6th months, respectively, for the NOPS site. The highest peat temperature was 34.17 °C occurring in the 1st month. The lowest peat temperature occurred in the 6th month of 29.50 °C. The difference of peat temperature was 4.67 °C in the NOPS site. The widest and narrowest differences of peat temperature were 0.26 °C and 0.06 °C in the 6th and 1st months, respectively. The average peat temperature on the planted C. mucunoides were 34.14, 29.64 and 29.49 °C in the 1st, 3rd and 6th months, respectively, for the NOPS site. The highest peat temperature was 34. 17 (Table 1) .
CO 2 Fluxes
Overall relationship between average CO 2 fluxes and sites, treatments, monitoring months showed strong correlation (R 2 = 82.2%) during experiment. The differences of sites, treatments and monitoring months were significant based on the values of P = 0.0008, P = 0.0000 and P = 0.0000, respectively. The CO 2 flux differences on the experiment plots corresponded to peat temperatures as a result of shading condition due to planting LCCs. No statistically significant correlations were investigated between the fluxes and peat characteristics. The average CO 2 fluxes on the no planted LCCs, planted M. bracteata and C. mucunoides plots in newly NOPS site at the 1st month monitoring were insignificant, however, they occurred at the 3rd and 6th months monitoring. The average CO 2 fluxes on the no planted LCCs, planted M. bracteata and C. mucunoides plots of NOPS site were 6.12 ± 8.98, 6.82 ± 24.5 and 6.65 ± h and P = 0.9999) at the 1st month monitoring, compared to on the planted M. bracteata at the 1st month monitoring (Table 2 , Fig. 3 ).
Discussion
The authors discovered that CO 2 flux responded to the treatments in both NOPS and EPOL sites and provided a clear trend. Peat in both sites can be characterized physically compacted as consequence of the solidification at the time of land clearing and preparation before planting of oil palm. The substrate losses due to drainage system and high temperature (equatorial area) also increase the occurrence of the solidification of the sites. Jauhiainen et al. [13] wrote physical compaction as an outcome of low organic matter inputs and substrate losses occurred in the increased anoxic conditions due to enhanced drainage, high temperature and fire impacts. However, there was no fire history at both sites since restriction by regulations either in practice of opening with burning peatland or controlled management fire in the plantation. Therefore, the authors suggested no fire impact toward peat microbial communities over time in the both sites. The location was no far from Kapuas River and tidal water influenced the fluctuation of daily average water level of drainage system. The high tide generally happened in early morning and evening, whereas the peak ebb tide took place in daytime. The water table of drainage system, which was close to the peat surface in the experiment location, has consequence as the most dominant factor influencing peat microbial communities regardless of the role of LCCs. Peat water table position is typically the only factor used to explain GHG flux dynamics in tropical peat regardless of the vegetation cover of a particular land use type [21] . The differences of water table changed peat microbial communities over time, including in the monitoring months during experiment. Although at the daytime, the monitoring of CO 2 fluxes was conducted with the approximately same water level, the authors suggested that higher daily and monthly water level happened at the 3rd and 6th months than the 1st month monitoring due to the higher rainfall intensity influencing the lower CO 2 fluxes.
The average heterotrophic CO 2 flux differences occurred on the no planted LCCs plots in both sites, but it was found to be slightly higher in NOPS site at the 1st, 3rd and 6th monitoring months. Also the difference in average heterotrophic CO 2 fluxes occurred on the planted M. bracteata plots in the both sites; it was higher for NOPS site than EPOL site at the 1st monitoring months, however, the greatly narrow differences were found at the 3rd and 6th monitoring months. Similarly, the identical trend of CO 2 flux differences were also obtained on the planted C. mucunoides plots in both sites at the 1st, 3rd and 6th monitoring months. Astiani et al. [27] conducted a research on the newly burnt fern cover, pineapple and corn sites; all sites with typical cropland condition had totally open canopy and thus tended to increase CO 2 fluxes. Jauhiainen et al. [13] noted that peat temperature (influenced by vegetation cover) is other physical factor to influencing GHG flux.
The decrease of CO 2 fluxes began at the 3rd month monitoring in both sites. The differences of CO 2 flux between the 1st and 3rd months monitoring were insignificant on the no planted LCCs plots of both sites. The reducing CO 2 fluxes on the planted M. bracteata plots in NOPS site at the 3rd and 6th months monitoring were slightly higher than in EPOL site. Similarly, the CO 2 fluxes on the planted C.
mucunoides plots varied at the 3rd and 6th months monitoring for NOPS and EPOL site, indicating the ultimate effectiveness of reducing CO 2 emission at the three months age of the LCCs. The trend of CO 2 fluxes between the planted M. bracteata and C. mucunoides plots tended to be similar at the 1st, 3rd and 6th months monitoring, so it can be concluded that there was no significant difference of reducing CO 2 emission between the both LCCs.
The comparison of the decrease of CO 2 fluxes between the no planted LCCs and planted LCCs plots at the same months monitoring was done. The CO 2 fluxes were higher at the 1st month monitoring compared to the 3rd and 6th months monitoring. The CO 2 fluxes difference on the planted M. bracteata plots in NOPS site at the 3rd and 6th months monitoring were slightly higher than in EPOL site. In contrast, the CO 2 fluxes difference on the planted C. mucunoides plots were higher at the 3rd and 6th months monitoring in the NOPS site than in the EPOL site, showing insignificant differences of CO 2 fluxes between the both months monitoring.
The decrease of CO 2 fluxes at the 3rd and 6th months monitoring on the both site corresponded with the shading condition due to enhancing leaves density of the LCCs. The shading condition increased significantly after the 1st month age of LCCs and
Temperature Effect Investigation toward Peat Surface CO 2 Emissions by Planting Leguminous Cover Crops in Oil Palm Plantations in West Kalimantan
181
reached the ultimate effect at the 3rd month age. The increase of shading effect of the LCCs could hold the solar radiation more effectively, thus making the lower peat temperature. Moore and Dalva [28] noted that in response to climatic change, an increase in CO 2 emission is predicted to occur in organic soils through both the elevated temperature and the lowered water table. An increase in temperature from 10 °C to 22.6 °C resulted in increase in CO 2 emission rates by an average of 2.4 times. Wang et al. [29] found an average increase of 21% in heterotrophic respiration by a 2 °C increase in soil temperature in a meta-analysis. Jauhiainen et al. [13] noted that the increased shading at the agricultural land site resulted in 1 °C lower temperature values close to the peat surface, but at deeper monitoring depths; the temperature changes remained much lower along the increasing shading gradient. A shading increase did not only reduce the diurnal temperature difference in the peat, but also the peat depth where the short-term (diurnal) changes reached. The average CO 2 fluxes of unfertilized peat at the agricultural land site were markedly higher on unshaded and 28% shaded plots, when compared to the average of 90% shaded plot. Hirano et al. [17] , Kusin et al. [30] , Jauhiainen et al. [31] and Husnain et al. [32] noted that diurnal surface peat temperature variations can also give rise to notable temporal difference in CO 2 emission, especially if there are oxic conditions and the surface peat to 5 cm depth (or even to 10 cm) is considered as the main source of heterotrophic CO 2 emissions. Also in this study, the effect of shading intensity of both LCCs species on peat temperature and heterotrophic CO 2 emissions was clear on the both sites.
Conclusions
The NOPS responded higher temperature and CO 2 fluxes to the atmosphere, while the oil palm was performed with vegetation canopy which could reduce solar radiation reaching to peat surface. The existence of the LCCs on peatland can reduce CO 2 fluxes. The ultimate CO 2 emission reduction capability of the LCCs can reach at the 3rd month of planting age. Considering the vast size of oil palm plantation on the peatland in tropical lowlands, the implementation of M. bracteata and C. mucunoides are promising to reduce CO 2 emissions effectively and efficiently.
